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(57) An NOx sorption-and-reduction type catalyst is 
made which includes a hydrogen generating catalyst in 
which Rh Is loaded on a support including an AlgOs-ZrOg 
composite oxide. Since the Al203-Zr02 composite oxide 
exhibits a basicity lower than Zr02, SO^ are less likely 
to approach so that it is possible to suppress the sulfur 



poisoning of Rh. Moreover, the AljOg ZrOg composite 
oxide exhibits higher heat resistance than ZrOg, and It 
has a function of improving the steam reforming reaction 
activity of Rh in the same manner as ZrOg. Therefore, 
the post-durability NO^ purifying ability of the NO^ sorp- 
tion-and-reduction type catalyst is improved. 
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Description 
Technical Field 

5 [0001 ] The present Invention relates to a hydrogen generating catalyst which generates hydrogen out of hydrocar- 
bons in an exhaust gas which is put in a rich atmosphere in short of oxygen, and an NO^ sorptlon-and-reduction type 
catalyst for purifying an exhaust gas which utilizes this hydrogen generating catalyst. 

Background Art 

[0002] Recently, as a catalyst for purifying NO^ in an exhaust gas of an oxygen-excessive lean atmosphere, an NO^ 
sorptlon-and-reduction type catalyst has been utilized. This NO^ sorption-and-reduction type catalyst, for example, as 
disclosed in Japanese Unexamined Patent Publication (KOKAI) No. 5-317,625, is one in which a noble metal, such 
as Pt and Rh, and an NO^ sorption member, such as K and Ba, are loaded on a porous support, such as AI2O3. By 

15 using this NO^ sorptlon-and-reduction type catalyst and controlling an air-fuel ratio from a lean side to a stoichiometric 
as well as rich side in a pulsating manner (rich spiking), since an exhaust gas, too, becomes from a lean atmosphere 
to a stoichiometric as well as rich atmosphere, NO^ are sorbed in the NO^ sorption member on the lean side, and they 
are released on the stoichiometric or rich side to react with reductive components, such as HC and CO, so that they 
are purified. Therefore, even when It is an exhaust gas from a lean burn engine, it is possible to purify NO^ with good 

20 efficiency. Moreover, since HC and CO in the exhaust gas are oxidized by the noble metal and, at the same time, are 
consumed in the reduction of NO^, HC as well as CO are also purified with good efficiency. 

[0003] For example, in Japanese Unexamined Patent Publication (KOKAI) No. 5-31 7,652, a catalyst for purifying an 
exhaust gas Is proposed in which an alkaline-earth metal, such as Ba, and Pt are loaded on a porous oxide support, 
such as AI2O3. Further, in Japanese Unexamined Patent Publication (KOKAI) No. 6-31 , 139, a catalyst for purifying 
25 an exhaust gas is proposed in which an alkali metal, such as K, and Pt are loaded on a porous oxide support, such as 
AI2O3. Furthermore, in Japanese Unexamined Patent Publication (KOKAI) No. 5-168,860, a catalyst for purifying an 
exhaust gas is proposed in which a rare-earth element, such as La, and Ptare loaded on a porous oxide support, such 
as AI2O3. 

[0004] It has been found out that the purifying reaction of NO^ in the NO, sorption-and-reduction type catalyst com- 
30 prises a first step, in which NO in an exhaust gas Is oxidized to make it into NGj,, a second step, in which NO^ are 
sorbed onto an NO^ sorption member, and a third step, in which NO^ released from the NO^ sorption member are 
reduced on the catalyst. 

[0005] However, In the conventional NO, sorption-and-reduction type catalyst, the granular growth of Pt occurs In a 
lean atmosphere, there is a problem in that the reactivities of the aforementioned first step and second step are low- 

3S eredby the decrement in the catalytic active sites. 

[0006] While, as a catalytic noble metal which is less likely cause such a granular growth in a lean atmosphere, Rh 
has been known, however, the oxidizing ability does not come up to Pt. Hence, it is thought of using Ptand Rh together. 
[0007] However, when R and Rh are used together, there is a drawback in that the oxidizing ability of Pt lowers. 
Accordingly, as the addition amount of Rh increases, the reactivity of the first step, in which NO is oxidized to make it 

40 into NO^, lowers so that the sorbing ability of NO^ in the second step lowers as well. Moreover, Rh is poor in temns of 
the compatibility to an NO^ sorption member, and there is a problem in that, when Rh and an NO^ sorption member 
coexist, the characteristics of the NO, sorption ability and Rh cannot be fully exhibited. 

[0008] Moreover, in an exhaust gas, SO2, which is generated by burning sulfur (S) contained in a fuel, is Included, 
and it is oxidized by a noble metal in an exhaust gas of a lean atmosphere so that it is turned into SO3. Then, it has 

45 become apparent that it is readily turned into sulfuric acid by water vapor, which is also contained in the exhaust gas, 
that these react with the NO^ sorption member to generate sulfites and sulfates, and that the NO, sorption member is 
thereby poisoned to degrade. This is referred to as the sulfur poisoning of the NO^ sorption member In addition, since 
the porous oxide support, such as AI2O3, has a property that it is likely to adsoib SO^, there is a problem in that the 
aforementioned sulfur poisoning has been facilitated. Then, when the.NO^ sorption member is thus turned into sulfites 

50 and sulfates so that it is poisoned to degrade, it can no longer sorb NO», as a result, there is a drawback in that the 
NO, purifying perfonnance lowers after a high-temperature durability test (hereinafter, referred to as "post-durability"). 
[0009] Hence, in Japanese Unexamined Patent Publication (KOKAI) No. 1 0-356, there is disclosed an NO^ sorption- 
and-reduction type catalyst which is made by intenningling a first powder, in which Rh is loaded on AI2O3 or ZrOj, and 
a second powder, in which an NO,, sorption member and Pt are loaded on AlgOg. In accordance with this NO^ sorption- 

55 and-reduction type catalyst, since Rh and Pt are loaded separately, the oxidizing ability of Pt is inhibited from lowering. 
Moreover, since Rh and the NO, sorption member are loaded separately, the poorness in the mutual compatibility is 
not revealed so that the characteristics of the NO, sorption member and Rh are fully exhibited. 
[0010] Moreover, in accordance with ZrOg with Rh loaded (hereinafterreferredtoasan'Rh/ZrOjcatalyst") . hydrogen 
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having a high reducing power is fonned out of HC and HgO in an exhaust gas (a steam reforming reaction), and this 
hydrogen contributes to the reduction of NO^ and the elimination of SO, from sulfates of the NO^ sorption member. 
Thus, the NO, reduction ability In rich spiking becomes high, and the sulfur poisoning becomes remarkably less. 
[001 1] However, compared with AlgOg which is often used as a support for noble metals, ZrOj exhibits lower heat 
s resistance, the specific surface area is decreased by the heat In service, and thereby there Is a drawback In that the 
dispersibillty of Rh lowers so that the hydrogen generating ability lowers. Moreover, since ZrOg is a basic support, SO, 
in an exhaust gas are likely to approach, and accordingly a phenomenon arises in which the hydrogen generating 
ability is lowered by the sulfur poisoning of loaded Rh. 

[001 2] Accordingly, In an NO^ sorptlon-and-reductlon type catalyst including an Rh/ZrOa catalyst, there is a problem 
10 in that the post-durability NO^ purifying ability is lowered by the lowering of the hydrogen generating ability of the Rh/ 

ZrOj catalyst. 

[0013] Moreover, it has been understood that another cause, by which the post-durability NO^ purifying ability is 
lowered, lies in that a reaction occurs between cordierile, which has been used as a support substrate in general, and 
an alkali component, which works as the NO^ sorption member, and thereby the NO^ sorption ability has been lowered . 

1S [0014] Namely, the alkali component Is likely to move In a coating layer, such as AI2O3. and simultaneously exhibits 
a high reactivity to Si. Accordingly, it Is believed that the alkali component moves In the coating layer when the tem- 
perature is high, an-lves at the support substrate and reacts with SI in cordierite to form silicate, being a composite 
oxide. Since this silicate is a stable compound, the alkali component, which has been turned into silicate, no longer 
has an ability of sorbing NO^, and accordingly the NO^ purifying performance has been towered. 

20 [0015] Hence, In Japanese Unexamined Patent Publication (KOKAI) No. 8-11 7,602, an NO^ sorption-and-reduction 
type catalyst is proposed in which a Ti-Zr composite oxide, an NO^ sorption member and a noble metal are loaded on 
an AI2O3 support. 

[0016] By thus making a composite support in which a Ti-Zr composite oxide is loaded on AlgOg, it is possible to 
highly maintain the initial NO^ purifying rate due to the advantage of AlgOg. Moreover, by loading a Ti-Zr composite 

25 oxide, it is possible to raise the acidity of the support itself. Therefore, since this composite support, compared with 
the case where AI2O3 is used alone, is less likely to adsortj SO^, and since adsorbed SO^ are likely to eliminate at a 
low temperature, the contacting probability between the NOx sorption member and SO^ is lowered. In addition, in a 
support in which a Ti-Zr composite oxide is loaded, It Is believed that the movement of alkali component Is suppressed, 
and it has been understood that the reaction of the alkali component to Ti02 is suppressed. Therefore, when the 

30 aforementioned composite support is used, a high NO^ purifying rate is secured even in the initial period, since the 
sulfur poisoning as well as the solving of the alkali metal into the support are suppressed, a post-durability NO^ purifying 
rate is improved. 

[0017] However, in a catalyst in which a Ti-Zr composite oxide is loaded on an AI2O3 support, compared with a 
composite support comprising T1O2-AI2O3 as disclosed in Japanese Unexamined Patent Publication (KOKAI) No. 
35 8-099, 034 or a catalyst which uses a support in which TiOg is added to AlgOg, It Is not possible to say that the sup- 
pression effect of the sulfur poisoning is sufficient, and accordingly it has been required to further suppress the sulfur 
poisoning and improve the NO^ purifying rate. 

[001 8] Moreover, due to the recent Improvement of engineperfomnance, the Increase of high speed driving, and the 
like, the temperature of exhaust gas has risen so that the Improvement of NO^ purifying activity In a high temperature 

40 region has become an assignment. This Is because. In a high temperature region, NO^, which have been sorbed In 
an NO, sorption member, are likely to be released, and the NO^ sorption amount is likely to be insufficient in a lean 
atmosphere. Hence, K, which exhibits a high basicity and Is stable at a high temperature. Is made Into an NO^ sorption 
member, but, in a catalyst in which K is loaded on AI2O3, and so on, there has been a problem in that the NO^ sorption 
ability in a high temperature region is not improved so much. 

45 [0019] Hence, it was thought of using a support which exhibits a higher basicity, and, in Japanese Unexamined 
Patent Publication (KOKAI) No. 5-195, 755, a catalyst is disclosed in which K and a noble metal are loaded on ZrOg. 
In accordance with this catalyst, since the basicities of the support and NO^ sorption member are high, it is likely to 
sorb but less likely to release NO^. Therefore, the NO^ sorption ability In a high temperature region is improved, as a 
result, the NO^ purifying performance In a high temperature region Is Improved. 

50 [0020] However, in the catalyst in which K and a noble metal are loaded on ZrOg, since the basicity of the support 
is high, there has been a drawback In that it is likely to sorb not only No,, but also SO, so that the lowering of the activity 
by the sulfur poisoning Is considerable. Namely, when the basicity of a support is high, although the NO, sorption ability 
is improved, even the sulfur poisoning is facilitated. On the contrary, when the basicity of a support Is low, although 
the sulfur poisoning is suppressed, even the NO. sorption ability is lowered. 

55 [0021] The present invention has been done in view of such circumstances, it is a main object to improve the heat 
resistance and sulfur-poisoning resistance of an Rh/ZrOg catalyst, being a hydrogen generating catalyst, and, being 
accompanied therewith, to improve the post-durability NO, purifying ability of an NO, sorption-and-reductlon type cat- 
alyst. 



3 



BNSDOCID: <EP 1371415A1J_> 



EP 1 371 415 A1 



[0022] Moreover, the second object of the present invention is to further suppress the sulfur poisoning of an NOx 
sorption-and-reduction type catalyst, thereby furthermore improving the high-temperature post-durability NO^ purifying 
rate. 

[0023] In addition, a further object of the present invention is to make a catalyst which can satisfy both of the con- 
5 tradictory phenomena, such as the improvement of the NO^ sorption ability in a high temperature region and the sup- 
pression of the sulfur poisoning, and v\(hich is good in terms of the heat resistance. 

[0024] The characteristic of a hydrogen generating catalyst, which solves the aforementioned assignments and is 
set forth in claim 1 , lies In that Rh is loaded on a support comprising a ZrOg-AlgOa composite oxide. 
[0025] AI2O3 can desirably be included in an amount of from 1 to 30% by rnol In the Zf02-Al203 composite oxide. 
10 Moreover, the support comprising the ZrOg-AlgOg composite oxide can desirably Include first composite particles having 
a structure comprising a core portion In which ZrOg Is a major component and a superficial portion formed on a surface 
of the core portion and including AlgOg more than the core portion 

[0026] Then, the characteristic of a catalyst for purifying an exhaust gas, of an NO^ sorption-and-reduction type 
catalyst comprising a noble metal and an NO^ sorption member loaded on a porous oxide support, which solves the 
15 aforementioned assignments and is set forth In claim 4, lies In that the hydrogen generating catalyst of the present 
invention is included. The porous oxide support can desirably Include second composite particles having a structure 
comprising a core portion In which ZrOg is a major component and a superficial portion formed on a surface of the core 
portion and including an oxide, whose basicity is lower than ZrOg. more than the core portion. 

20 Brief Description of Drawings 

[0027] Fig. 1 1s an explanatory diagram for'schematically Illustrating the structures of a general ZrOg-AlgOa composite 
oxide particle and a first composite particle which is its improved product. 

[0028] Fig. 2 is an exolanatoty diagram for schematically illustrating the stmcture of second composite particles 
25 which comprise Z.-C'^-TiOg composite oxide. 

[0029] Fig. 3 Is a ijraph 'or illustrating the relationships between the temperatures and hydrogen generation amounts 
in the hydrogen generating catalysts of examples as well as a comparative example. 

[0030] Fig, 4 is a graph for illustrating the relationships between the temperatures and saturated NO^ sorption 
amounts in the NO^ sorption-and-reduction type catalysts of ah example as well as comparative examples. 
30 [0031] Fig. 5 is a graph for illustrating the fed compositions and superficial compositions of ZrOa-AlgOg composite 
particles which were manufactured in a testing example. 

[0032] Fig. 6 is a graph for illustrating the relationships between the temperatures and post-rich-spiking NO^ sorption 
amounts in the catalysts of an example as well as comparative examples. 

35 Best Mode for Carrying out Invention 

[0033] In the hydrogen genera ting catalyst of the present invention, Rh Is loaded on a support comprising a ZrOg- 
AI2O3 composite oxide. Since the ZrOg-AlgOg composite oxide exhibits a lower basicity than ZrOg, SO^ become less 
likely to approach so that it is possible to suppress the sulfur poisoning of Rh. Moreover, the ZrOg-AlaOg composite 
40 oxide exhibits higher heat resistance than ZrOg. Then, similarly to ZrOg. the ZrOg-AlaOg composite oxide has the 
function of improving the steam reforming reaction activity of Rh. 

[0034] Therefore, in accordance with the hydrogen generating catalyst of the present invention in which Rh is loaded 
on a support comprising a ZrOg-AlzOj composite oxide, compared with an Rh/ZrOa catalyst, the heat resistance and 
sulfur-poisoning resistance are improved, and accordingly a high hydrogen generating ability is revealed even in post- 
45 durability. . • • .k 
[0035] Moreover, in accordance with the catalyst for purifying an exhaust gas of the present invention, sine the 
hydrogen generating catalyst of the present Invention is included, it is good in terms of the hydrogen generating ability 
from initial period to post-durability, and thereby a high NO^ purifying ability is revealed from initial period to post- 
durability. 

50 [0036] In the hydrogen generating catalyst of the present invention, the AI203 amount in the ZrOg-AlaOg composite 
oxide can desirably be from 1 to 30% by mol. When AlgOg is less than 1% by rnt:i, the effect of the improvement of the 
heat resistance and sulfur-poisoning resistance cannot be obtained so that the post-durability hydrogen generating 
ability is lowered, when AI2O3 is more than 30% by mol. the hydrogen generating ability Is lowered even from initial 
period. • I I, 

55 [0037] The support comprising the Z1O2-AI2O3 composite oxide can desirably include first composite particles , which 
have a structure comprising a core portion In which ZrOg is a major component and a superficial portion formed on a 
surface of the core portion and including AI2O3 more than the core portion. The first composite particles exhibit a high 
basicity at the Inside by the core portion in which ZrO^ is a major component, and exhibit a low basicity at the superficial 
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portion by AigOg which exists more in the superficial portion. Consequently, it is believed SO^ are inhibited from ap- 
proaching, and accordingly the hydrogen generating catalyst of the present invention is improved in temns of the sulfur- 
poisoning resistance. Moreover, similarly to a ZrOg-AlgOa composite oxide having a uniform composition, it has the 
function of improving the steam reforming reaction activity of Rh. 

5 [0038] A general Zr02-Al203 composite oxide particle, as Illustrated as "General Product" in Fig. 1 , is made into a 
uniform composilion from the surface to the inside. However, the first composite particle which is used in the present 
invention, as illustrated as "Improved Product" in Fig. 1, is made into a structure comprising a core portion in which 
ZrOg is a major component and a superficial portion formed on a surface of the core portion and including AlgOa more 
than the core portion. The AlgOg in the superficial portion can be fornied as a fine particle shape or a film shape, but 

10 ZrO can desirably be exposedpartially. Moreover, the AlgOg in the superficial portion can desirably exist in a highly 
dispersed state. 

10039] Note that, although both of the particles illustrated in Fig. 1 are a ZrOa-AlaOg composite oxide each, in order 
to distinguish them, the composite oxide particle, whose structure comprises a core portion in which ZrOa is a major 
component and a superficial portion fonned on a surface of the core portion and including AlgOg more than the core 
15 portion, is referred to as a first composite particle, and the composite oxide particle, whose structure is uniform from 
the inside to the surface, is referred to as a ZrOg-AlgOg composite oxide particle. In order to manufacture the first 
composite particles, for instance, zirconia precursors are precipitated out of a zirconium salt aqueous solution by pH 
adjustment, and they are calcined to make a ZrOg powder. To a suspension, in which this ZrOg powder is mixed in 
water, an aluminum salt aqueous solution is added, and alumina precursors are precipitated on the surface of the ZrOg 
20 powder by further carrying out pH adjustment. Thereafter, by calcining the resulting deposits, it is possible to manu- 
facture the first composite particles whose structure comprises a core portion in which ZrOa is a major component and 
a superficial portion formed on a surface of the core portion and including AI2O3 more than the core portion. 
[0040] It is desirable to use the first composite particles, whose structure comprises a core portion in which ZrO^ is 
a major component and a superficial portion formed on a surface of the core portion and including AI2O3 more than 
25 the core portion, having an average particle diameter of 1 0 fim or less. With such an arrangement, it is believed that, 
in the first composite particles in proximity with each other, the probability of contacting the AI2O3 with each other or 
the ZrOa with each other lowers, and it is believed that the di fferent members become partition walls so that the 
sintering is suppressed. Accordingly, the heat resistance is improved, and it Is possible to suppress the lowering of the 
post-durability specific surface area. 
30 [0041] Moreover, similarly to an Rh/ZrOg catalyst, the loading amount of Rh in the hydrogen generating catalyst of 
the present invention can preferably be from 0.01 to 10% by weight, and is especially preferable to fall in a range of 
from 0.5 to 2% by weight. When the loading amount of Rh Is less than 0.01 % by weight, the hydrogen generating ability 
is not revealed, and, when It is loaded In an amount of more than 10% by weight, not only the hydrogen generating 
ability saturates but also the costs go up. 
35 [0042] Then, the catalyst for purifying an exhaust gas of the present invention, in an NO^ sorptipn-and-reduclion 
type catalyst in which a noble metal and an NO^ sorption member are loaded on a porous oxide support, includes the 
hydrogen generating catalyst of the present Invention. Since, compared with an Rh/ZrOg catalyst, the hydrogen gen- 
erating catalyst of the present invention is improved in temns of the heat resistance and sulfur-poisoning resistance, a 
high hydrogen generating ability is revealed even in post-durability, and the catalyst for purifying an exhaust gas of the 
40 present invention is good in tenns of the post-durability NO^ purifying ability. Moreover, in the catalyst for purifying an 
exhaust gas of the present invention, Pt and Rh can be loaded separately so that it is possible to suppress the lowering 
in the oxidizing ability of Pt due to Rh. In addition, since it is possible to separately load Rh and the NO^ sorption 
member, the poorness in the mutual compatibility Is not revealed, and accordingly the characteristics of the NO^ sorption 
member and Rh are fully exhibited. 
45 [0043] Concerning the content of the hydrogen generating catalyst in the catalyst for purifying an exhaust gas of the 
present invention, when it is included in a small amount, the NO^ purifying ability is improved to that extent, however, 
it is preferable to make the upper limit 50% by weight. When the amount of the hydrogen generating catalyst is more 
than this, it is not preferable because the content of the NO, sorption-and-reduction type catalyst decreases relatively 
so that the NO^ sorption ability lowers. Note that, in order to contain the hydrogen generating catalyst, although the 
50 hydrogen generating catalyst of the present invention can be loaded on a porous support oxide support along with a 
noble metal and an NO^ sorption member, it is preferable to use a mixture powder of a powder of an NO,, sorption- 
and-reduction type catalyst, which comprises a noble metal and an NO^ sorption member loaded on a porous support, 
and a powder of the hydrogen generating catalyst of the present invention. 

[0044] As a porous oxide support of the NO, sorption-and-reduction type catalyst, it is possible to use AI2O3, TiOg, 
55 SiOg or Zr02, or an arbitrary composite oxide selected from them. For example, when a Zr02-Al203 composite oxide 
is used as the porous oxide support, and when an alkali metal, such as K, is loaded as the NO^ sorption member, it is 
especially preferred because it is not only good in terms of the NO, sorption ability in a high temperature region but 
also the sulfur-poisoning resistance is improved. Namely, since a ZrOaAlgOa composite oxide exhibits a lower basicity 
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than ZrOj, it is possible to suppress the sulfur poisoning of NO^ sorption member. Moreover, in this case, since it is 
possible to use the same support as the hydrogen generating catalyst, it is possible to reduce the number of raw 
materials, and accordingly it is possible to reduce the mar:-^our requirements for manufacturing. 
[0045] The porous oxide support of the NO^ sorption-ena reduction type catalyst can desirably include second com- 
posite particles having a structure comprising a core portion inwhich ZrOg is a major component and a superficial 
portion formed on a surface of the core portion and including an oxide, whose basicity is lower than ZrOg, more than 
the core portion. With such an arrangement, since the basicity of the superficial portion is low, SO^ are less likely to 
approach so that the sulfurpoisoning of NO^ sorptionmember is further suppressed. As an oxide whose basicity is 
lower than ZrOg, AI2O3, TiOg, SiOa, and the like, are exemplified. For example, in second composite particles having 
a structure comprising a core portion in which ZrOg is a major component and a superficial portion formed on a surface 
of the core portion and including AlgOg more than the core portion, the basicity of the inside is high because of the 
core portion in which ZrOg is a major component and the basicity of the superficial portion is low because of AlgOg 
which exists more on the surface of the core portion than the core portion. Accordingly, not only the sulfur-poisoning 
resistance is improved, but also the NO^ sorption ability in a high temperature region is improved though the reason 
is not clear. 

[0046] The second composite particles, which have a structure comprising a core portion in which Zr02 is a major 
component and a superficial portion formed on a surface of the core portion and including AlgOg more than the core 
portion, are the ones similar to the above-described first composite particles, and accordingly it is possible to manu- 
facture in the same manner as the above-described first composite particles. It is preferred that a composition of the 
second composite particles can fall in a range of AlaOg/ZrOa = 3/97 - 1 5/85 by molar ratio for the entire particles. When 
the ZrOa is less than this range, the NO, sorption ability in a high temperature region lowers, when the ZrOg is more 
than this range, the sulfur-poisoning resistance and heat resistance lower. 

[0047] Moreover, it is desirable to use the second composite particles, whose structure comprising a core portion in 
which ZrOg is a major component and a superficial portion formed on a surface of the core portion and including AlgOg 
more than the core portion, having an average particle diameter of 1 0 jam or less. With such an arrangement, it is 
believed fliat, in the second composite particles in proximity with each other, the probability of contacting the AI2O3 
with each other or the ZrOg with each other lowers, and it is believed that the different members become partition walls 
so that the sintering is suppressed. Accordingly, the heat resistance is improved, and it is possible to suppress the 
lowering of the post-durability specific surface area. 

[0048] By the way, in an NO^ sorption-and-reduction type catalyst which uses a support in which a Ti-Zr composite 
oxide is loaded on an AI2O3 support, the cause that the action of suppressing the sulfur poisoning is not improved so 
much as expected is believed to lie in that, since the T\ and Zr are dispersed uniformly in the Ti-Zr composite oxide, 
the Inside Ti02 does not function effectively. 

[0049] Hence, as the oxide whose basicity is lowerthan ZrOg. it Is also preferable to select TiOg, and to use second 
composite particles whose structure comprises a core portion in which ZrOg is a major component and a superficial 
portion formed on a surface of the core portion and including TiOg more than the core portion. In the second composite 
particles, since the TiOg is included more in the surface, the utility efficiency of TiOj is improved. Then, since TiOg has 
less basic sites so that SO^ are less likely to adsorb thereto, or so that adsorbed SO^ are likely to eliminate therefrom, 
all in all, the adsorption amount of SO^ is reduced. Moreover, due to the reasons that the contacting interface between 
the Nol sorption member and TiOj increases, and that composite oxide precursors, which are likely to decompose, 
are thereby formed, adsorbed SO^ are eliminated with ease. By these actions, the suppression action of sulfur poisoning 
is improved. In addition, in the second composite particles, similarly to a Ti-Zr composite oxide, the movement of an 
alkali component is suppressed, and accordingly the reaction between the alkali component and T1O2 is also sup- 
pressed. 

[0050] The second composite particles, whose structure comprises a core portion in which ZrOg is a major component 
and a superficial portion formed on a surface of the core portion and including TiOg more than the core portion, are 
fomied as a dual structure as illustrated in Fig. 2. In the second composite particles, it is desirable to include TlOj in 
an amount of 30% by weight or more in the superficial portion. When the TiOa in the superficial portion is less than 
30% by weight the sulfur-poisoning-suppression action lowers. Note that, it has been found out that, even when the 
TiOa in the superficial portion is too much, the sulfur-poisoning-suppression effect lowers, and accordingly it is desirable 
to make the TlOg in the superficial portion less than 80% by weight. 

[0051 ] Moreover, it is desired that the second composite particles, whose structure comprises a core portion in which 
ZrO, is a major component and a superficial portion fonned on a surface of the core portion and including TiOj more 
than the core portion, can be particles having a particle diameter of 1 0 ,xm or less. When the particle diameter exceeds 
10 urn since the surface area of T1O2. which contacts with sulfur components, becomes too small so that the sulfur- 
poisoning-suppression action lowers. Then, since the smallerthe particle diameter is the higher the superficial-portion- 
oocupying rate is. when the particle diameter is 1 0 or less, it is easy for the TiOg in the superficial portion to occupy 
30% by weight or more. In addition, it is believed that, in the composite particles in proximity with each other, the 
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probability of contacting the TiOj with each other or the Zr02 with each other lowers, and it is believed thatthe different 
members become partition walls so thatthe sintering is suppressed. Accordingly, the heat resistance is improved, and 
it is possible to suppress the lowering of the post-durability specific surface area. 

[0052] In the second composite particles whose structure comprises a core portion in which ZrOa is a major compo- 
nent and a superficial portion formed on a surface of the core portion and Including TiOa more than the core portion, 
it is desirable to further include AlgOg. By including AI2O3, the heal resistance is improved, and it Is possible lo suppress 
the lowering of the high-temperature post-durability specific surface area, at the same time, it is possible to suppress 
the granular growth of noble metal accompanied therewith, and the durability is improved. The AI2O3 can be included 
In at least one of the core portion and superficial portion, and is ordinarily included in both of the core portion and 
superficial portion. 

[0053] It is desired that the AlgOa can be included in an amount of 1 0% by mol or more. When it is less than 1 0 /o by 
mol it IS difficult to reveal the adding effect. Although the more the content of AlgOg is the larger the high-temperature 
post-durability specific surface area is, since the amount of TiOg decreases relatively, it Is preferable to make the 
amount of AI2O3 in a range of 50% by mol or less. ■ 
[0054] In order to manufacture the second composite particles whose structure comprises a core portion in which 
ZrOp is a major component and a superficial portion formed on a surface of the core portion and including TiOg more 
than the core portion, for instance, zirconia precursors are precipitated out of a zirconium salt aqueous solution by pH 
adjustment, and they are calcined to make a ZrOg powder. To a suspension, in which this ZrOg powder is mixed in 
water a titanium salt aqueous solution is added, and titania precursors are precipitated on the surface of the ZrOa 
powder by further carrying out pH adjustment. Thereafter, by calcining the resulting deposits, it is possible to manu- 
facture the second composite oxide particles whose structure comprises a core portion in which ZrOg is a major com- 
ponent and a superficial portion formed on a surface of the core portion and including TiOg more than the core portion. 
Moreover, in order to further Include AI2O3. an aluminum salt can be solved in one of the zirconium salt and titanium 
salt aqueous solutions or both of the aqueous solutions. 

[0055] The catalyst for purifying an exhaust gas of the present invention can be fonned as a shape, such as a pellet 
shape a honeycomb shape or a foam shape, similarly to the conventional catalysts for purifying an exhaust gas. For 
example in order to form it as a pellet shape, it can be molded into a pellet shape out of a mixture powder of a powder 
of an no' sorption-and-reduction type catalyst and a powder of the hydrogen generating catalyst of the present inven- 
tion Moreover, it is possible to manufacture it by fomnlng a coating layer on a support substrate out of a mixture powder 
in which a powder of an NO^ sorption-and-reduction type catalyst and a powder of the hydrogen generating catalyst 
of the present invention are mixed. Alternatively, it is possible to manufacture it by forming a coating layer on a support 
substrate out of the aforementioned various porous oxide powders and loading the hydrogen generating catalyst, a 
noble metal and an NO^ sorption member on the coating layer. In addition, a coating layer can be fomned out of a 
porous oxide powder and a powder of the hydrogen generating catalyst, and a noble metal and an NO^ sorption member 
can be loaded on the coating layer. . 
[0056] As the support substrate, it is possible to use one which is formed of heat resistant ceramics, such as cordiente. 
or a metal, and its shape can be selected from the group consisting of a honeycomb-shaped monolithic type, foam 
type, pellet type, and so on. _ _ 

[0057] It is possible to f omi the coating layer by a general wash coating method. As a binder in this case, it is possible 
to use an alumina sol or a zirconia sol. and the like. Further, in the coating layer, It is desirable to include at least one 
optimum porous oxide powder selected from the group consisting of a Zr02-Al203 composite oxide powder, a powder 
comprising second composite particles which have a structure comprising a core portion in which ZrOg is a maj or 
component and a superficial portion formed on a surface of the core portion and including AI2O3 more than the core 
portion, a powder comprising second composite particles which have a stmcture comprising a core portion in which 
ZrOa is a major component and a superficial portion formed on a surface of the core portion and including TiOg more 
than the core portion, or a powder comprising particles further including M^O^ in addition to the latter second composite 
particles Furthermore, in addition to these, it can further include an arbitrary porous oxide powder, such as AI2O3, 
SlOg. Zr02, T1O2 and CeOs. Moreover, it is possible to make an arrangement in which at least one powder selected 
from the gr^oup consisting of the aforementioned optimumporous oxide powders is loaded on a coating layer which 
comprises a porous oxide, such as AI2O3. SiOa. ZrOg. T1O2 and CeOg. In a case where an artjitrary porous oxide 
powder coexists, it is desirable to use the optimum porous oxide powders in an amount of 20% by weight or more at 
least When the optimum porous oxide powders are less than this, it is difficult to reveal the effects of the improvement 
of the sulfur-poisoning resistance as well as the improvement of the NO^ sorption ability in a high temperature region. 
[0058] It is preferable to fomi the coating layer in a range of from 150 to 500. g with respect to 1 liter of a support 
substrate. When the forming amount of the coating layer is less than this, since the loading densities of the noble metal 
and NO, sorption member heighten, the durability of the purifying performance lowers, when it is fonnedmore than 
this, such a drawback arises that the ventilation resistance enlarges. 

[0059] As the noble metal loaded on the coating layer, it is possible to use one or more members of Pt, Rh, Pd. Ir or 
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Ru Moreover, as the NO, sorption member, it is possible to use at least one member selected from the group consisting 
of alkali metals, all<aline-earth metals and rare-earth elements. Among them, it is preferable to use at least one of alkali 
metals and alkaline-earth metals which exhibit a high alkalinity and a high NO, sorption ability. 

[0060] As the alkalimetal. Li, Na, K, Cs, andthe like, are exemplified. The alkaline-earth metals refer to the 2A group 
elements in the periodic table of the elements, and Ba, Be, Mg. Ca. Sr. and so on. are exemplified. Moreover, as the 
rare-earth element, Sc, Y, La, Ce, Pr, Nd, Dy. Yb. and the like, are exemplified. 

[0061] The loading amount of the noble metal on the coating layer, in the case of Pt and Pd, can preferably be from 
0.1 to 1 0 g, especially preferably from 0.5 to 1 0 g, with respect to 1 liter of a supporf substrate. Further, in the case of 
Rh it can preferably be from 0.01 to 1 0 g, especially preferably from 0.05 to 5 g. Furthemiore, the loading amount of 
the NO, sorption member can desirably fall in a range of from 0.05 to 1.0 mol with respect to 1 liter of a support 
substrate. When the loading amount of the NO^ sorption member is less than 0.05 mol/L, the NO, sorption ability 
lowers, when it is more than 1 .0 mol/L, the sintering of noble metal is promoted. 

[0062] A noble metal, excepting Rh. and an NO^ sorption member can desirablybe loaded on an optimum porous 
oxide powder which is selected from the group consisting of a ZrOg-AlgOg composite oxide powder, a powder com- 
prising second composite particles which have a stoicture comprising a core portion in which Zr02 is a major component 
and a superficial portion formed on a surface of the core portion and including AI2O3 more than the core portion, a 
powder comprising second composite particles which have a stmcture comprising a core portion in which ZrOg is a 
major component and a superficial portion fomned on a surface of the core portion 'and inclucirr-g TiOg more than the 
core portion or a powder comprising particles further including AI2O3 in addition to the latterseconu composite particles. 
With such an arrangement, since Pt and Rh are inhibited from being loaded in proximity with each other, and since it 
is possible to inhibit Rh and an HO^ sorption member from being loaded in proximity with each other, the purifying 
activity is further improved. 

[0063] Then by using the aforementioned catalyst forpurifying an exhaust gas of the present invention, an oxygen- 
excessive-atmosphere exhaust gas. which has been burned at an air-fuel ratio (A/F) of about 1 8 or more, is contacted 
therewith so that NO,, which are contained In the exhaust gas, are soibed in the NO, sorption member, and the air- 
fuel ratio Is fluctuated intermittently to be stoichiometric as well as oxygen-excessive so that NO,, which have been 
released from the NO, sorption member, are reduced and purified. In an oxygen-excessive atmosphere, NO, which is 
contained in an exhaust gas, is oxidized on the catalyst to be turned into NO,, and it is sorbed in the NO, sorption 
member Then, when being put into a stoichiometric as well as oxygen-excessive atmosphere, NO, are released from 
the NO, sorption member, and they react with HC and CO, which are contained in the exhaust gas, on the catalyst so 
that they are reduced. . , ^ ^ or^ 

[0064] Then when at least one of the first composite particles and the second composite particles are included, SO, 
are less likely to be adsoibed so that the sulfur poisoning of the NO, sorption member is suppressed. Moreover, when 
the second composite particles, which have a structure comprising a core portion in which ZrOg Is a major component 
and a superficial portion formed on a surface of the core portion and including TiOg more than the core portion, are 
included due to such reasons that the interface between the TlOj and NO, sorption member enlarges, and that com- 
posite oxide precursors, whfch are likely to decompose, are thereby formed, it Is believed that the elimination, of ad- 
sorbed SO, becomes more readily, accordingly it is possible to fully suppress the sulfur poisoning of the NO, sorption 
member even in posr-durability, and it is possible to fully suppress the lowering of the NO, punfying ability. 
[0065] Namely in accordance with the hydrogen generating catalyst of the present invention, not only since it exhibits 
a hydrogen generating ability equivalent to an Rh/ZrOg catalyst, but also it is good in temns of the heat resistance and 
sulfur-poisoning resistance, a high hydrogen generating ability is revealed even in post-durability. 
[0066] Then, in accordance with the catalyst for purifying an exhaust gas of the present invention, since it includes 
the hydrogen generated catalyst of the present invention, not only rt is possible to inhibit the sulfur poisoning of the 
NO, sorption member by generated hydrogen, but also it is possible to maintain the characteristics even m high- 
temperature post-durability. K/loreover, when an NO, sorption-and-reduction type catalyst is used in which a ^^O^-MzO^ 
composite oxide is made into a support, since the sulfur poisoning is suppressed to a higher extent, the durability is 
improved so that it is possible to more stably purify NO,. Then, when an NO, sorption-and-reduction type catalyst .s 
used in which second composite particles are made into a support, the sulfur-poisoning resistance is further improved 
so that a much higher NO, purifying ability is revealed even in post-durability. 

Examples 

[0067] Hereinafter, the present invention will be described in detail with reference to examples and comparative 
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(Example No. 1) 

[0068] With respect to a predetermined amount of a commercially available ZrOg-AigOg solid-solution powder which 
included AlgOg In an amount of 1% by mot, a rhodium nitrate aqueous solution, which had a predetermined concen- 
tration, was absorbed in a predetermined amount, was dried at gBO'C for 15 minutes, andwas thereatter calcined at 
500 "C for 30 minutes to load Rh. The loading amount of Rh was 1 .0% by weight. The resulting catalyst was formed 
as a pellet shape of about 2 mm by an ordinary method, thereby preparing a pellet catalyst. 

(Example No. 2) 

[0069] Except that a ZrOg-AlgOg solid-solution powder was used which included AlgOg in an amount of 1 0% by mol , 
a pellet catalyst of Example No. 2 was prepared in the same manner as Example No. 1 . 

(Example No. 3) 

[0070] Except that a ZrOg-AlaOg solid-solution powder was used which included AlgOg in an amount of 20% by mol, 
a pellet catalyst of Example No. 3 was prepared in the same manner as Example No. 1 . 

(Example No. 4) 

[0071] Except that a ZrOa-AlaOg solid-solution powder was used which included AI2O3 in an amount of 30% by mol, 
a pellet catalyst of Example No. 4 was prepared in the same manner as Example No. 1 . 

(Comparative Example No. 1) 

[0072] Except that a ZrOg powder was used Instead of the ZrOa-AljOg solid-solution powder, a pellet catalyst of 
Comparative Example No. 1 was prepared in the same manner as Example No. 1 . 

<Testing and Evaluation> 

[0073] The respective catalysts of the examples and comparative example were put in an evaluating apparatus, and 
a durability test was carried out in which they were held at 550 °C f or 3 hours in a fluctuating atmosphere in which the 
lean/rich model gases set forth In Table 1 were flowed for 4-minute rich model gas and for 1 -minute lean gas. The total 
flow rate of the gases was 30 L/min. 



TABLE 1 
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0.1 
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100 
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Rich 


2.0 


400 


3200 


12 


6.0 




100 


balance 



[0074] On therespectlvepelletcatalystsafter the durability test, the hydrogen generation amounts were measured at 
the respective temperatures, SOO'C, 400"'C. SOO'C and 600 'C. by using a rich model gas set forth in Table 2. The 
results are illustrated in Fig. 3. 
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Rich 
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[0075] From Fig. 3. it is seen that, compared with the catalyst of the comparative example, the catalysts of the 
respective examples exhibited greater hydrogen generation amounts In a low temperature range, and It is apparent 
that this resulted from the fact that the ZrOg-AlgOg solid-solutionpowders were used. Moreover, comparedwith the 
catalysts of Example No. 2 and Example No. 3. the catalysts of Example No. 1 and Example No. 4 exhibited lower 
hydrogen generaUon amounts, and accordingly it is understood that an optimum value exists between 1 to 30% by 
mol in the AljOg content in the ZtO^-M^O^ solid solution. 
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(Example No. 5) 

[0076] With respect to a predetermined amount of a ZrOj-AlsOa solid-solution powder which included AlgOg in an 
amount of 1% by mol, a rhodium nitrate aqueous solution, which had a predetermined concentration, was absorbed 
s in a predetermined amount, was dried at 250 °C for 15 minutes, and was thereafter calcined at 500 °C for 30 minutes 
to load Rh. The loading amount of Rh was 1% by weight. 

[0077] While, with respect to a predetermined amount of a 7-AI2O3 powder, a platinum dinitrodiammine aqueous 
solution, which had a predetermined concentration, was absorbed in a predetemnined amount, was dried at 250 "C for 
1 5 minutes, and was thereafter calcined at 500 °C for 30 minutes to load Pt. The loading amount of Pt was 2% by weight. 

10 [0078] 50 parts by weight of the Rh/ZrOg-AlgOa powder and 1 00 parts by weight of the Pt/AlaOg powder, which were 
obtained in the aforementioned manner, were mixed, and were further mixed with an alumina sol and water to prepare 
a slurry. Then, a honeycomb substrate (abbreviated as "TP" in the drawing), which had a diameter of 30 mm and a 
length of 50 mm and which was made from cordierite, was immersed into this slurry, and was thereafter taken up 
therefrom. An excessive slurry was removed by suction, and the sluny was dried and calcined to fomi a coating layer. 

'5 The coating layer was 150 g with respect to 1 L of the honeycomb substrate, and Pt was loaded in an amount of 2 g 
and Rh was loaded in an amount of 0.5 g with respect to 1 L of the honeycomb substrate. 

[0079] Then, into the honeycomb substrate with the coating layer formed, a potassium nitrate aqueous solution, 
which had a predetermined concentration, was absorbed in a predetemiined amount, was evaporated, and was dried 
to solidify. Thereafter, it was dried at 250 "C, and was calcined at 500 "C for 30 minutes to load K.The loading amount 
20 of K was 0.2 mol with respect to 1 L of the honeycomb substrate'. 

(Comparative Example No. 2) 

[0080] 50 parts by weight of a ZrOg-AlgOg solid-solution powder, which was the same as that of Example No. 5, and 
25 loOpartsby weight of ay -AI2O3 powder, were mixed, and were further mixed with an alumina sol and water to prepare 
a slurry. Then, by using this slurry, a coating layer was formed in the same manner as Example No. 5. 
[0081] Next, into the honeycomb substrate with the coating layer fornied, a platinum dinitrodiammine aqueous so- 
lution, which hand a predetemiined concentration, was absorbed, was evaporated, and was dried to solidify. Thereafter, 
it was calcined at 300 °C for 15 minutes to load Pt . Subsequently, a rhodium nitrate aqueous solution, which had a 
30 predetermined concentration, was absorbed in a predetermined amount, was evaporated, and was dried to solidify. 
Thereafter, it was calcined at 300 °C for 15 minutes to load Rh. The respective loading amounts were 2 g for R and 
0.5 g for Rh with respect to 1 L of the honeycomb substrate: 

[0082] Thereafter, a potassium nitrate aqueous solution, which had a predetemiined concentration, was absorbed 
In a predetermined amount, was evaporated, and was dried to solidify. Thereafter, it was dried at 250°C, and was 
35 calcined at 500 "C for 30 minutes to load K. The loading amount of K was 0 . 2 mol with respect to 1 L of the honeycomb 
substrate. 

(Comparative Example No. 3) 

40 [0083] With respect to a predetemnined amount of a ZrOj-AlaOg solid-solution powder, which was the same as that 
of Example No. 5, a platinum dinitrodiammine aqueous solution, which had a predetermined concentration, was ab- 
sorbed in a predetermined amount, was dried at 250 "C for 15 minutes, and was thereafter dried at 500 "C for 30 
minutes to load Pt. The loading amount of Pt was 2% by weight. 

[0084] While, with respect to a predetermined amount of a'y^Al203 powder, a rhodium nitrate aqueous solution, which 
45 had a predetermined concentration, was absorbed in a predetermined amount, was dried at 250 "C for 15 minutes, 
and was thereafter calcined at 500 "C for 30 minutes to load Rh. The loading amount of Rh was 1% by weight. 
[0085] 1 00 parts by weight of the Pt/ZrOg-AlaOg powder and 50 parts by weight of the Rh/AlaOg powder, which were 
obtained in the aforementioned manner; were mixed, and were further mixed with an alumina sol and water to prepare 
a slurry. Then, byusing this slurry, a coating layer vvas formed in -He same manner as Example No. 5. The coating layer 
50 was 1 50 g with respect to 1 L of the honeycomb substrate, an^ • \vas loaded in an amount of 2 g and Rh was loaded 
in an amount of 0.5 g with respect to 1 L of the honeycomb su" .te. 

[0086] Then, into the honeycomb substrate with the coatincj - -.yer fonned, a potassium nitrate aqueous solution, 
which had a predetemiined concentration, was absorbed in a predetermined amount, was evaporated, and was dried 
to solidify. Thereafter, it was dried at 250-C. and was calcined at 500 "C for 30 minutes to load K. The loading amount 
55 of K was 0.2 mol with respect to 1 L of the honeycomb substrate. 
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(Comparative Example No. 4) 

[0087] With respect to a predetermined amount of a ZrOg powder, which was the same as that of Comparative 
Example No. 1, a rhodium nitrate aqueous solution, which had a predetermined concentration, was absorbed in a 
5 predetermined amount, was dried at 250 °C for 15 minutes, and was thereafter calcined at 500 °C for 30 minutes to 
load Rh. The loading amount of Rh was 1% by weight. 

[0088] While, with respect to a predetermined amount of a Y-AI2O3 powder, a platinum dlnitrodiammlne aqueous 
solution, which had a predetermined concentration, was absorbed in a predetermined amount, was dried at 250 °C for 
15 minutes, and was thereafter calcined at500°C for 30 minutes to load Pt. The loading amount of Pt was 2% by weight. 

10 [0089] 50 parts by weight of the Rh/ZrOg powder and 100 parts by weight of the Pt/AlgOg powder, which were obtained 
in the aforementioned manner, were mixed, and were further mixed with an alumina sol and water to prepare a slurry. 
By using this slurry, a coating layer was formed in the same manner as Example No. 5. The coating layer was 150 g 
with respect to 1 L of the honeycomb substrate, and Pt was loaded in an amount of 2 g and Rh was loaded in an 
amount of 0.5 g with respect to 1 L of the honeycomb substrate. 

'5 [0090] Then, into the honeycomb substrate with the coating layer fonned, a potassium nitrate aqueous solution, 
which had a predetermined concentration, was absorbed in a predetemnlned amount, was evaporated, and was dried 
to solidify. Thereafter, it was dried at 250 "C, and was calcined at 500 "C for 30 minutes to load K. The loading amount 
of K was 0.2 mol with respect to 1 L of the honeycomb substrate. 

20 <Testtng and Evaluation> 

[0091 ] The respective catalysts of Example No. 5 as well as Comparative Example Nos. 2 through 4 were put In an 
evaluating apparatus, and a durability test was canried out In which they were held at 550 °C for 3 hours in a fluctuating 
atmosphere in which the lean/rich model gases set forth in Table 1 were flowed for 4-minute rich model gas and for 

25 1-minute lean gas. The total flow rate of the gases was 30 Umin. 

[0092] On the respective pellet catalysts after the durability test, the saturated NO^ sorption amounts in a lean at- 
mosphere were measured at the respective temperatures, SOCC, 400 'C, 500 °C and 600 "C, by using model gases, 
which were prepared by removing SOg from the model gases set forth in Table 1 , in a fluctuating atmosphere in which 
the lean/rich model gases were flowed for 4-mlnute rich model gas and for 1 -minute lean gas. The results are illustrated 

30 in Fig. 4. 

[0093] From Fig. 4, it is seen that, compared with the catalysts of Comparative Example Nos. 2 through 4, the catalyst 
of Example No. 5 exhibited greater saturated NO^ sorption amounts. Since the loading amounts of the respective 
catalytic components were identical in the catalysts of Example No'. 5 as well as Comparative Example Nos. 2 through 
4, the differences in the saturated NO^ sorption amounts were resulted from the fact that the loading methods were 

35 different. 

[0094] Namely, in the catalyst of Comparative Example No. 2, the Pt and Rh were loaded on the AlgOg and ZrOg- 
AI2O3 solid solution in a uniformly dispersed manner, and. In the catalysts of Comparative Example Nos. 3 and 4, 
although the Pt and Rh were loaded separately, the Rh was not loaded on the ZrOa-AlgOa solid solution. On the other 
hand, in the catalyst of Example No. 5, the Pt was loaded on the AlgOj, the Rh was loaded on the ZrOg-AlgOg solid 
40 solution. Thus, since the Pt and Rh were loaded separately, and, in addition, since hydrogen was generated at the 
catalytic portions, in which the Rh was loaded on the ZrOg-AlaOg solid solution, in a rich atmosphere, it is believed that 
the catalyst of Example No. 5 exhibited an extremely high NO^ sorption ability In post-durability. 

Testing Sample 

45 

[0095] While stirring a zirconium oxynitrate aqueous solution having a concentration of 30% byweight, ammonia 
water having a concentration of 10% by weight was gradually added so that a molar ratio. Zr: NH3, become 2 : 3, 
thereby precipitating zirconia precursors. After filtering and washing the resulting deposits, they were dried at aOCC 
for 3 hours, and were calcined at 500 "C for 2 hours, thereby preparing a Zr02 powder. This ZrOg powder was mixed 

so into distilled water, while stirring it, a predetemnined amount of an aluminum nitrate aqueous solution having a concen- 
tration of 30% by weight was stirred and mixed, and ammonia water having a concentration of 10% by weight was 
added gradually thereto so that a molar ratio, Al : NH3, become 2 : 3, thereby precipitating alumina precursors on the 
surface of the ZrOg powder. After filtering and washing the resulting deposits, they were dried at 200 °C for 3 hours, 
and were calcined at 500°C for 2 hours, thereby preparing a ZrOg-AlgOg composite oxide powder. 

55 [0096] In accordance with the afore mentioned manufacturing process, 4 kinds of ZrO2-Al203 composite oxide pow- 
ders were prepared in which a molar ratio, ZrOg : AI2O3, was 99 : 1 , 90 : 10, 80 : 20, 70 : 30 by fed composition. 
[0097] The superficial compositions In the particles of the resulting respective Zr02-Al203 composite oxide powders 
were found from the XPS peaks by calculation, and the results are illustrated in Fig. 5. In Fig. 5, the fed compositions 
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were illustrated as well. According to XPS, since it is possible to obtain information in a range of from the surface to a 
few nm's, it is seen that, in the respective ZrOj-AlgOa composite oxide particles, the AlgOa compositions in the range 
of from the surface to a few nm's were greater than the fed values. Namely, in accordance with the aforementioned 
manufacturing process, it Is possible to manufacture first composite particles which have a structure comprising a core 
portion in which ZrOg is a major component and a superficial portion fomried on a surface of the core portion and 
including AlgOg more than the core portion. 

(Comparative Example No. 5) 

[0098] Into a 50 g of a commercially available ZrOg powder, a rhodium nitrate aqueous solution, which had a prede- 
termined concentration, was impregnated in a predetermined amount, and was evaporated, and was dried to solidify. 
Thereafter, it was calcined at 500 "C for 1 hour, thereby preparing an Rh/ZrOg catalyst powder in which Rh was loaded 
in an amount of 1% by weight. 

[0099] While, a predetermined amount of a zirconium oxynitrate aqueous solution having a concentration of 30% by 
weight and a predetermined amount of a titanium chloride aqueous solution having a concentration of 30% by weight 
were stirred to mix, and ammonium aqueous solution having a concentration of 10% by weight was gradually added 
thereto so that a molar ratio, (Zr + Ti) : NHg. become 2 : 3, thereby co-precipitating oxide precursors. Afterfiltering and 
washing the resulting deposits, they were dried at 200 °C for 3 hours, and calcined at 500'C for 2 hours, thereby 
preparing a ZrOg-TiOa composite oxide powder This ZrOa-TiOg composite c ^nie powder had a uniform composition 
from the inside to the superficial portion. ZrOg was 70% by weight, and TiOg was 30% by weight. Moreover, the average 
particle diameter was 5 \im. 

[0100] Subsequently, the total amount of the aforementioned Rh/ZrOg catalyst powder, 100 g of the ZrOg-TiOa com- 
posite oxide powder and 1 00 g of an AI2O3 powder were mixed, and were further mixed with an alumina sol and water 
to prepare a slurry. Then, a 35-cc honeycomb substrate (abbreviated as "TP" in the drawing) was prepared, was im- 
mersed into this slurry, and was thereafter taken up therefrom. An excessive slurry was removed by suction, the slurry 
was dried at 200°C for 3 hours, and was thereafter calcined to fomn a coating layer The coating layer was 250 g with 
respect to 1 Lof the honeycomb substrate, and Rh was loaded in an amount of 0.5 g with respect to 1 L of the honeycomb 
substrate. 

[0101] Then, into the honeycomb substrate with the coating layer formed, a platinum dinitrodiammine aqueous so- 
lution, which had a predetermined concentration, was absorbed in a predetemnined amount. The loading amount of 
Pt was 2 g with respect to 1 L of the honeycomb substrate. Moreover, by using a potassium nitrate aqueous solution 
and barium acetate aqueous solution, which had predetermined concentrations, Ba and K were loaded similarly. The 
loading amounts of Ba and K were 0.2 mol and 0.15 mol, respectively, with respect to 1 L of the honeycomb substrate. 



(Comparative Example No. 6) 

[0102] Whilestirring azitconium oxynitrate aqueoussolution having a concentration of 30% byweight, ammonia water 
having a concentration of 10% by weight was gradually added so that a molar ratio, Zr : NH3, become 2 . 3, thereby 
precipitating zirconia precursors. Afterfiltering and washing the resulting deposits, they were dried at200°C for 3 hours, 
and were calcined at 500 "C for 2 hours, thereby preparing a ZrOg powder This ZrOg powder was mixed into distilled 
water, while stimng it, a titanium chloride aqueous solution having a concentration of 30% by weight was added in a 
predetermined amount, and thereafter ammonia water having a concentration of 1 0% by weight was gradually added 
so that a molar ratio, Ti : NH3, become 2 : 3, thereby precipitating titania precursors on the surface of the ZrOg powder. 
After filtering and washing the resulting deposits, they were dried at 200 "C for 3 hours, and were calcined at 500 "C 
for 2 hours, thereby preparing a ZrOa-TiOa composite oxide powder This ZrOg-TiOg composite oxide powder had an 
average particle diameter of 5 nm. and was made into a second composite particle structure, which had a structure 
comprising a core portion in which ZrOg was a major component and a superficial portion formed on a surface of the 
core portion and including TiOg more than the core portion. The fed compositions were 70% by weight for ZrOg and 
30% by weight for T1O2- 

[0103] Except that the powder comprising the second cor site particles, which had a stmcture comprising a core 
portion in which ZrOg was a major component a.r- a sup- ■ portion formed on a surface of the core portion and 
including TiOg more than the core portion, was ^:=. A insK; f the ZrO^-TiOz composite oxide powder, which was 
uniform from the inside to the superficial portion, a catalyst c, Comparative Example No. 6 was prepared in the same 
manner as Comparative Example No. 5. 



(Example No. 6) 

[0104], While stirring azirconium oxynitrate aqueous solution having a concentration of 30% byweight. ammonia 
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water having a concentration of 10% by weight was gradually added so that a molar ratio, Zr : NH3. become 2 : 3, 
thereby precipitating zirconia precursors. After filtering and washing the resulting deposits, they were dried at 200°C 
for 3 hours, and were calcined at 500 °C for 2 hours, thereby preparing a ZrOg powder This ZrOg powder was mixed 
into distilled water, while stirring it, an aluminum nitrate aqueous solution having a concentration of 30% by weight was 
added in a predetermined amount by stirring, and ammonia water having a concentration of 10% by weight was grad- 
ually added thereto so that a molar ratio, Al : NH3, become 2 : 3, thereby precipitating alumina precursors on the surface 
of the ZrOg powder. After filtering and washing the resulting deposits, they were dried at 200°C for 3 hours, and were 
calcined at 500 °C for 2 hours, thereby preparing a ZrOz-AlgOg composite oxide powder. This ZrOg-AlgOg composite 
oxide powder had an average particle diameter of 5 (im. and was made into a first composite particle structure, which 
comprised a core portion in which ZrOg was a major component and a superficial portion formed on a surface of the 
core portion and including AI2O3 more than the core portion. The fed compositions were 90% by weight for ZrOj and 
1 0% by weight for AlgOg. 

[0105] Except that the resulting powder comprising the first composite particles, which had a structure comprising 
a core portion in which ZrOg was a major component and a superficial portion fomned on a surface of the core portion 
and including AI2O3 more than the core portion, was used instead of the commercially available ZrOg powder, an Rh/ 
Zr02-Al203 catalyst, in which Rh was loaded in an amount of 1% byweight, was prepared in the same manner as 
Comparative Example No. 5. Then, except that this Rh/Zr02-Al203 catalyst powder was used instead of the Rh/ZrOa 
catalyst powder, a catalyst for purifying an exhaust gas of Comparative Example No. 6 was prepared in the same 
manner as Example No. 6. 

<Testing and Evaluation> 

[0106] 



TABLE 3 





Ha 


NO 


C3H6 


CO2 


CO 


O2 


SO2 


N2 




% 


ppm 


ppmC 


% 


% 


% 


ppm 




Lean 


none 


800 


930 


7.3 




10.5 


100 


balance 


Rich 


0.89 


none 


2000 


11.3 


3.59 




100 


balance 



[0107] The respective catalysts of comparative Example Nos. 5 and 6 as welt as Example No. 6 were put in an 
evaluating apparatus, and a durability test was canried out in which they were held at 600 "C for 4 hours in a fluctuating 
atmosphere in which the lean/rich model gases set forth in Table 3 were flowed for 5-second rich model gas and for 
55-second lean gas. The total flow rate of the gases was 30 L/min. 

[01 08] On the respective catalysts after the durability test, by using model gases, which were prepared by removing 
SO2 from the model gases set forth in Table 1 , the rich gas was flowed for 3 seconds in the middle of flowing the lean 
gas, and the NO^ sorption amounts thereafter (Post-rich Spiking NO^ Sorption Amounts = RS Sorption Amounts) were 
measured at the respective temperatures between 250 and 500''C. The results are illustrated in Fig. 8. 
[01 09] From Fig. 6, compared with the catalyst of Comparative Example No. 5, the catalyst of Comparative Example 
No. 6 exhibited higher NO, sorption amounts at the respective temperatures. It is apparent that this resulted from the. 
fact that the second composite particles, which had a structure comprising a core portion in which ZrOg was a major 
component and a superficial portion fomned on a surface of the core portion and including TiOg more than the core 
portion, was made into the support of the NO^ sorption-and-reduction type catalyst, and is believed that, in the catalyst 
of Comparative Example No. 6, the sulfur poisoning of the NO^ sorption members was suppressed in the time of the 
durability test. 

[0110] Then, compared with the catalyst of Comparative Example No. 6. the catalyst of Example No. 6. exhibited 
much higher NO, sorption amounts. It is apparent that this resulted from the fact that Rh was loaded on the first 
composite particles, which had a structure comprising a core portion in which ZrOg was a major component and a 
superficial portion formed on a surface of the core portion and including AlgOg more than the core portion, and is 
believed that it is because the sulfur poisoning of Rh was suppressed in the time of the durability test and because a 
high hydrogen generating ability was revealed in post-durability as well. 



Claims 

1. A hydrogen generating catalyst characterized in that Rh is loaded on a support comprising a ZrOg AljOg com- 
posite oxide. 
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The hydrogen generating catalyst, set forth in claim 1 , wherein AlgOg is included in an amount of from 1 to 30% 
bymol in said ZrOj-AlgOg composite oxide. 

The hydrogen generating catalyst set forth in claim 1 , wherein the support comprising said ZrOg-AigOa composite 
oxide includes first composite particles having a structure comprising a core portion in which ZrOz is a major 
component and a superficial portion formed on a surface of the core portion and including AljOg more than the 
core portion. 

4. A catalyst for purifying an exhaust gas, of an NO^ sorption-and-reduction type catalyst comprising a noble metal 
and an NO^ sorption member loaded on a porous oxide support. Is characterized In that said catalyst includes 
either of the hydrogen generating catalysts set forth in claims 1 through 3. 

5. The catalyst for purifying an exhaust gas set forth in claim 4, wherein said porous oxide support includes second 
composite particles having a structure comprising a core portion in which ZrOz is a major component and a su- 
perficial portion formed on a surface of the core portion and Including an oxide, whose basicity is lower than ZrOg, 
more than the core portion. 

6. The catalyst for purifying an exhaust gas set forth in claim 5, wherein said oxide, whose basicity is lowerthan ZrOg, 
is AI2O3, and said second composite particles are a ZrOa-AlgOa composite oxide. 

7. The catalyst for purifying an exhaust gas set forth in claim 6, wherein a composition of said second composite 
particles falls In a range of AlgOa/ZrOg ^ 3/97 - 15/85 by molar ratio. 

8. The catalyst for purifying an exhaust gas set forth in claim 5, wherein said oxide, whose basicity is lowerthan ZrOg, 
is Ti02, and said second composite particles are a Zr02-Tt02 composite oxide. 

9. The catalyst for purifying an exhaust gas set forth in claim 8, wherein T1O2 is included in an amount of 30% by 
weight or more in the superficial portion of said second composite particles. 

10. The catalyst for purifying an exhaust gas set forth in claim 8 or 9, wherein said second composite particles further 
include AI2O3. 

1 1 . The catalyst for purifying an exhaust gas set forth In claim 1 0, wherein said AlgOa is included in an amount of 1 0% 
by mol or more In said second composite particles. 

12. The catalyst for purifying an exhaust gas set forth in either one of claims 5 through 1 ! , wherein an average particle 
diameter of said second composite particles is 1 0 jxm or less. 

13. The catalyst for purifying an exhaust gas, set forth in either one of claims 4 through 12, comprising a mixture 
powder of a catalyst powder, in which Pt and an NO^ sorption member are loaded on said porous oxide support, 
arid a powder of either one of the hydrogen generating catalysts set forth in either one of claims 1 through 3. 

1 4. The catalyst for purifying an exhaust gas, set forth in either one of claims 4 through 1 2, including a catalyst powder 
in which a noble metal and an NO^ sorption member are loaded on a mixture powder of a powder comprising said 
porous oxide support and a powder of either one of the hydrogen generating catalysts set forth in claims 1 through 3. 
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FIG. 1 
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FIG. 2 
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FIG. 5 
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